Suddenly induced coherent centroid oscillations about the closed orbit will decohere due to nonlinearities in the magnetic opticsat the expense of a stored beam's emittance. Collective effects mediated by the vacuum chamber wakefield and dependent on the beam current, can however damp the coherent oscillationsameliorating the emittance growth. Closed form expressions for both the beam centroid and the beam size are obtained in the absence of collective effects. Simultaneous tum-by-turn measurements of beam centroid and size in the SLC damping ring are presented, and the importance and intricacy of collective effects is discussed.
In the absence of collective effects, decoherence is dominated by nonlinear detuning and chromaticity. The evolution of the beam centroid has been described in [ 1-41. We here extend these results to the rms beam size. Consider a beam with a gaussian distribution in the (x, x') phase space. At tum M = 0, the beam is kicked by an angle Ax'. We normalize the coordinates by the unperturbed rms beam size cr, as 2 = x/u, and p = The nonlinearity is assumed to result from an amplitudedependent betatron tune and a relative energy offset 6 of a particle which modifies the betatron tune through the chromaticity 2T E:
with detuning p ; p/bz is determined by the lattice. time dependence of the energy offset is For single particle motion the amplitude a is an invariant. The
while the betatron phase advances [ 11 as The beam centroid motion after the kick is given by
where we have defined a time variable in units set by the nonlinearity,
and a form factor differing from 1 when E # 0 
where F z = F; for the gaussian 60 distribution; therefore the rms size is more strongly modulated by the chromaticity than the centroid.
The inistantaneous beam size is given by cr, = , / -.
This gives
0-7803-3053-6/96/$5.00 @1996 IEEE ( z ) , (b) ge 7 (c) fequiv and € 9 (d) vdipole -v0 and Vquadupole -2vO.
The amplitude of the beam centroid is, from 1%. A fast-gated camera detected the radiation emitted on a single pass of the particle bunch, althougheach image corresponds to a different machine pulse because of the limited bandwidth of the data acquisition system. Observations were made in the neighborhood of a time in the SLC damping cycle during which the beam is accidentially kicked by spurious transients in the injectiodextraction fast kicker pulses. Data for various beam currents and chromaticities are shown in Fig. 3 .
The data were analyzed by the method of [SI to find Eequiv, which is plotted in Fig. 4 in the ratio X = (Eequiv -1)/$Z2, which we expect to asymptote to 1 for A4 + 00 in the case of pure decoherence (cJ Eq. 12). But when the chromaticity is positive, as in the data, there will be collective "head-tail" damping of the centroid motion. As the coherent motion damps, rather than decoheres, there is less motion to filament and the emittance growth may be significantly inhibited, as seen decisively in the data. The extent to which X < 1 as A4 + 00 indicates that the Turn Number
